
















GRASPING FORCE ESTIMATION FOR FORCEPS MANIPULATOR BY USING NEURAL NETWORK 








 This paper discusses the grasping force estimation system for the forceps manipulator of laparoscopic surgical 
robot. It was considered that the system developed in the previous study can cancel the load torque from the driving 
parts even when the tip of the forceps was bent. However, from the experimental result, it turned out that the load 
torque was excessively removed when the tip of the forceps was bent obliquely. In addition, the load torque may 
change depending on the grasping force even in the state where the tip of the forceps is not bent. Therefore, in this 
study, a new system that estimates the load added to the grasping part of the forceps by using a function 
approximation neural network was proposed. Verification experiments were carried out and the result showed that 
the added load could be estimated within error of 6g, regardless of the bending state of the forceps tip and the 
magnitude of the load. Thus, the effectiveness of the proposed system by using the function approximation neural 
network was verified through experiments. 




















































































































(𝜃𝑔𝑟𝑎𝑠𝑝)_0 (?̇?𝑔𝑟𝑎𝑠𝑝 < 0)
   (1) 









= 𝐹𝑝𝑎𝑟𝑡𝑠(𝜃𝑔𝑟𝑎𝑠𝑝)_0 + 𝐹𝑝𝑎𝑟𝑡𝑠(𝜃𝑔𝑟𝑎𝑠𝑝)_𝜃(𝑏𝑒𝑛𝑑,𝑝𝑖𝑡𝑐ℎ)  
+ 𝐹𝑝𝑎𝑟𝑡𝑠(𝜃𝑔𝑟𝑎𝑠𝑝)_𝜃(𝑏𝑒𝑛𝑑,𝑦𝑎𝑤)               (2) 
 









Fig.3 Bending direction 
 
 




行った．鉗子先端を Pitch 方向に 50°，Yaw 方向に 50°

























Fig.6 121 measurement points in coordinates 
 
 
Fig.7 Estimated average load torque with bending 







屈曲角度は𝜃𝑝𝑖𝑡𝑐ℎ = 50°, 𝜃𝑦𝑎𝑤 = 50°とし，鉗子把持部に 0g
から 100g まで 10g ずつ，重り𝑚を負荷させた．把持は把
持部が開いた状態(50deg)から閉じる状態(0deg)まで 8s
間で行い，重りを持ち上げた．実験装置を Fig.8 に示す． 
 
 
Fig.8 Weight lifting experiment 
 









































の学習データには以下の 6 要素で構成される． 
 









(Pitch, Yaw) = (0, 0), (50,0), (0,50), (−50,0), (0, −50)  (4) 
 
 





の 1 要素とした．  
 



















②Fig.10 に示す屈曲位置 5 箇所において，鉗子把持部は
無負荷状態で把持開閉動作を行い，𝜏𝑒𝑥𝑡_𝑖𝑛𝑖を記録する． 
 




④重り m を 0, 10, 20, 30, 40, 50g 毎に①～③を繰り返す． 
 
（３）関数近似 NN の評価実験 
作成した関数近似 NN の有用性を検証する． 
a) 実験方法 
 5.(2)節で測定した 121 箇所のうち，式(6)と Fig.12 に示
す赤枠の 4 箇所の測定データを確認データとして関数近
似 NN を作成する際には除外し，117 箇所で学習させた．
学習させた関数近似 NN に学習から除外した 4 点の測定
データを入力し，重り質量を出力させた． 
 




Fig.12 117 measurement points in coordinates 
 
b) 実験結果 












Fig.13 Mass estimation in opening direction 
 
 
Fig.14 Mass estimation in closed direction 
 
Table1 Result of estimation of weights 
 
６． 把持によるおもり質量推定実験 





 5.(2)節で関数近似 NN のデータセットを作成するため
に使用した実験装置を用いて実験を行った． 
（２）実験方法 
①Fig.10 に示す屈曲位置 5 箇所において，鉗子把持部は
無負荷状態で把持開閉動作を行い，𝜏𝑒𝑥𝑡_𝑖𝑛𝑖を記録する． 
 






Fig.15 8 measurement points in coordinates 
 
③重り 0, 10, 20, 30, 40, 50g 毎に②を繰り返す． 
 
関数近似ニューラルネットワークを用いた把持部負荷
推定システムの概要図を Fig.16 に示す． 
 
 
Fig.16 Load weight estimation system by using neural network 
 
（３）実験結果 
























0 10 20 30 40 50 
(yaw,  
pitch) 
(30, 30) 0.0 0.0 0.0 -0.1 -0.1 -0.1 
(30, -30) 0.0 0.0 -0.1 -0.1 -0.1 0.0 
(-30, 30) 0.0 0.0 -0.1 -0.1 0.0 -0.1 
(-30, -30) 0.0 0.0 -0.1 -0.1 0.0 0.0 
 
Fig.18 Mass estimation in closed direction 
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0 10 20 30 40 50 
(yaw,  
pitch) 
(45, 25) 2.7 5.2 4.7 4.2 5.3 4.5 
(45, -25) 2.7 5.0 4.5 4.0 5.1 5.7 
(25, 45) 2.7 5.2 4.6 4.1 5.2 5.9 
(25, -45) 2.6 5.2 4.6 4.0 5.2 5.8 
(-25, 45) 2.6 5.2 4.7 4.2 5.3 5.9 
(-25, -45) 2.6 5.1 4.6 4.1 5.2 5.7 
(-45, 25) 2.6 5.2 4.7 4.2 5.2 5.9 
(-45, -25) 2.6 4.8 4.4 4.1 5.0 5.5 
